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Introduction Introduction Introduction Introduction
There are numerous studies of CHF in pool boiling, but the mechanism of this phenomenon has not been fully elucidated. In saturated pool boiling on an upward-facing surface, large vapor masses form and detach periodically from the heating surface above a heat flux of 20-40 % of the CHF, and a thin liquid-rich zone, a so-called macrolayer, exists beneath the large vapor masses. It is generally accepted that this macrolayer is closely related to the occurrence of CHF in saturated boiling. Therefore, attempts have been made to determine the liquid-vapor structure under the vapor masses in saturated boiling, using electric conductance probes [1, 2, 3, 4] and an optical probe [5] for the measurements because the vapor masses hovering on the heating surface make it impossible to conduct direct observations of the macrolayer from above the heating surface.
These measurements have confirmed the presence of the macrolayer under the vapor masses, however, the detailed structure and dynamics of the macrolayer have not been fully described as the macrolayer is very thin making it difficult to determine the structure accurately.
Large vapor masses are also observed in subcooled pool boiling. With 10 mm diameter circular disks, Inada et al. [6] , Yokoya et al. [7] , and Li et al. [8] confirmed that the large vapor masses are formed and detach or collapse periodically on the heating surface when the subcooling is less than about 50 K and the heat flux is close to the CHF. Despite the similarities in the boiling conditions in saturated and subcooled boiling, it has been established that with increases in subcooling the CHF for subcooled boiling markedly increases above the CHF for saturated boiling. The causes of the increase in CHF with increases in subcooling could be related to the liquid-vapor structure beneath the vapor masses, but no research has been addressed at clarifying the CHF mechanism 3 based on measurements of the liquid-vapor structure. This study aims to examine the mechanism of CHF for saturated and subcooled pool boiling. The liquid-vapor behavior close to the heating surface was measured with highly accurate conductance probes for pool boiling of water on an upward surface in the range of subcooling from 0 to 30 K. Through these measurements, the thickness of the macrolayer that forms beneath the vapor masses at high heat fluxes near the CHF was determined. Three thermocouples of 0.5 mm diameter were embedded in the copper block 5, 13, and 21 mm below the heating surface. The surface temperature and heat flux were calculated with the three thermocouples by considering the conical copper block as approximating a part of a hollow sphere. The heating surface was polished by #1000 emery paper before each experiment. 4 A conductance probe method was adopted for the measurements of the liquid-vapor behaviors very close to the heating surface. The sensing element of the conductance probe, which is a 90 µm diameter stainless steel wire, was inserted in a conical capillary quarts tube with very low thermal expansion coefficient. The tip of the stainless steel wire was exposed about 1 mm from the tip of the quarts tube. It is desirable to make the probe tip as thin as possible, to improve the space resolution and to reduce the influence of liquid adhesion at the tip of the probe. In this study, the tip of the stainless steel wire was thinned to less than 5 µm by an electro-polishing technique. This conductance probe was connected to a three-dimensional moving stage with an accuracy of 0.5 µm in the perpendicular direction and 10 µm in the horizontal direction (the moving probe in the followings, A-probe in Fig.1 ). A further probe was used to selectively measure the behaviors of vapor masses (fixed probe in the following, B-probe in by Stephan and Abdelsalam [9] . Figure 5 shows the present data of the CHF together with previously measured data by Inada et al. [6] , Yokoya et al. [7] , and Li et al. [8] for an upward-facing 10 mm diameter heating surface. Both the present and the previously measured CHF increase monotonously with increases in in Fig.10 ) and the pulse width corresponding to the peak maximum is defined as the hovering period. As shown in Fig.11 , there are two peaks in the pulse spectrum when the heat flux approaches CHF for subcooling of 0 K and 10 K.
These two peaks may be attributed to successively detached vapor masses due to the effect of the wake of the preceding detached vapor mass. When the spectrum of pulse width has the two peaks, the slopes on the either sides of each of the two peaks (indicated as 'region 1' and 'region 2' in Fig.11 ) were regarded as the ranges of vapor mass hovering periods and both peaks were defined as the hovering period. The vapor mass hovering periods versus heat flux are shown in Fig.12 .
For each subcooling condition, the vapor mass hovering period tends to increase with increases in the heat flux until where the 2nd peak appears in the pulse 10 spectrum. Once the 2nd peak appears for the 0 K and 10 K subcooling, the range of the vapor mass hovering period becomes extended to the shorter pulse width side. For the 20K and 30K subcooling which has no 2nd peak, the vapor mass hovering periods are not strongly dependent on the degree of subcooling. So, as there is no marked decrease in the vapor mass hovering period, the duration of vapor mass hovering does not explain the increase in CHF with increased subcooling. (Fig.8) or the pulse frequency (Fig.7) . Therefore, the paper determines the macrolayer thickness based on the The results reported for the correlations proposed by Rajvanshi et al. [4] , Kumada et al. [10] , and the correlation that Bhat et al. [11] derived from the data of Iida et al. [1] are also shown in Fig.17 . The thickness of macrolayer at lower heat fluxes where the pulse spectrum has the single peak established here, and the thickness determined from the peak of the wider pulse width (longer hovering period) at higher heat fluxes where the pulse spectrum has two peaks agree with the correlation of Bhat et al. However, the thicknesses corresponding to the peak of the narrower pulse width lie close to the Rajvanshi correlation. The correlation by Kumada et al. predicts a thinner macrolayer in the lower heat flux region.
Here it must be borne in mind that none of the correlations in Fig.17 have been used to predict the macrolayer in subcooled boiling.
The above results suggest the conclusion that when the CHF is caused by dryout of the macrolayer beneath the vapor mass, then the cause of the CHF increase with increasing subcooling may be that the lowest heat flux of the vapor mass region shifts towards the higher heat flux and that a thick macrolayer is able to form in subcooled boiling. As a next step, the mechanisms of macrolayer formation and the process of its dryout should be examined to clarify the CHF of saturated and subcooled boiling.
Conclusions Conclusions Conclusions Conclusions
To examine the CHF mechanism in saturated and subcooled pool boiling, the liquid-vapor behavior near the heating surface was measured using conductance 14 probes. The findings and conclusions obtained in this study may be summarized as follows:
(1) The void fraction distributions while the vapor mass hovers over the heating surface were obtained using the two conductance probes. There were no large differences in the liquid-vapor structure beneath the vapor mass once the vapor mass covers the heating surface in saturated and subcooled boiling. Li(d=10mm) [8] Yokoya(d=10mm) [7] Inada(d=10mm) [6] 23 Figure 6 Appearances of probe signals at different heights (h) over the heating surface.
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